Palladium-catalyzed heteroannulation of 2-amino-3-iodoquinoline derivatives and 1-trimethylsilyl internal alkynes provided highly regioselective pyrrolo [2,3-b]quinolines with trimethylsilyl group next to the nitrogen atom in the pyrrole ring.
Introduction
Pyrrolo[2, 3-b] quinolines are chemically interesting molecules due to their structural similarity to furo[2, 3-b] quinolines, which occur widely in natural biologically active products. 1 Pyrrolo[2, 3-b] quinolines have also a wide variety of biological activities, including anti-inflammatory, anticonvulsant, antihypertensive, antipyretic, analgesic, anti-MDR, and anticancer activity. 2 Many synthetic methods for pyrrolo[2,3-b]-quinolines 2a have been reported, including pyrolysis of azepine derivatives, 3 photolysis of 3-(2-aminobenzylidene)-pyrrolidin-2(1H)-ones, 4 cyclization of 2-chloro-3-(2-chloroethyl)-quinoline, 5 cyclization of N-phenyl-3-aminopropiolamides, 6 reaction of 3-(lithiomethyl)quinoline with nitriles, 7 and the aza-Wittig/electrocyclic ring-closure/nitrene insertion process. 8 However, only a few synthetic methods have been described for totally aromatic 1H-pyrrolo[2, 3-b] quinolines with limited substituents. [7] [8] [9] Larock and coworkers reported a palladium-catalyzed intermolecular reaction of o-haloarylamine and internal alkynes to give indoles in one operation. 10 The heteroannulation method could be an effective synthetic procedure for preparing a variety of heterocycles. 11 Therefore, we applied the synthetic method to the synthesis of heterocyclic azaindoles 12 and pyrrolo [3,2-c] quinolines. 13 Here, we report the convenient synthesis of 2,3-disubstituted pyrrolo[2, 3-b] quinolines using palladium-catalyzed heteroannulation.
Results and Discussion
The 2-chloro-3-iodoquinoline was prepared by regioselective lithiation of 2-chloroquinoline with LDA followed by treatment with I2 as an electrophile to prepare starting materials for palladium-catalyzed heteroannulation. The substitution reaction of 2-chloro-3-iodoquinoline with the corresponding amines afforded N-alkyl or aryl 2-amino-3-iodoquinolines in 70-80% yields.
14 Initially, we optimized the reaction of 2-methylamino-3-iodoquinoline and 1-trimethylsilyl propyne with various palladium species and bases. The results are summarized in Table 1 . We first examined the effect of different palladium species on the product yield using KOAc as the base and DMF as the solvent. The reaction using Pd(dba)2 or Pd(OAc)2 as the palladium source provided the similar isolated yield, while Pd(PPh3)2Cl2 and Pd(PPh3)4 gave lower yields of the desired products (entries 1-4). We also examined the effect of different bases with Pd(OAc)2 as a palladium sources. The Pd(OAc)2 was selected due to stability of palladium in reaction medium. The reaction using LiOAc gave the best isolated yields among the examined six bases (entries 4-9). The maximum yield of the desired product was obtained under 5 mol % Pd(OAc)2, 1 equivalent of LiCl, 2 equivalents of LiOAc, and 2 equivalents of alkyne in DMF at 110 o C. The reactions using various 2-amino-3-iodoquinolines and internal alkynes were examined under optimized reaction conditions to give diverse pyrrolo[2, 3-b] quinolines. The results are summarized in Table 2 . Previously, we found that the bulkiness of the substituents on the acetylene and the amine played a major role in determining the regioselectivity of alkyne insertion. The heteroaryl palladium intermediate usually added to the less hindered carbon of the internal alkyne. Heteroannulation using 1-trimethylsilyl alkynes provided highly regioselective products with the trimethylsilyl group next to the nitrogen atom in the pyrrole ring (entries 1-7). By contrast, the reactions using 1-phenyl- propyne provided two regio-isomeric products (entry 10).
The major isomer had a phenyl substituent next to the nitrogen atom in the pyrrole ring.
Conclusions
The palladium-catalyzed heteroannulation of 2-amino-3-iodoquinoline derivatives with 1-trimethylsilyl internal alkynes provided a convenient new route for the synthesis of various 1,2,3-trisubstituted pyrrolo[2, 3-b] quinolines. Specially, the heteroannulation provided highly regioselective products with the trimethylsilyl group next to the nitrogen atom in the pyrrole ring. The 2-trimethylsilyl group of pyrrolo[2, 3-b] quinolines could be transformed into another functional group to overcome selectivity problem of heteroannulation in unsymmetric alkynes.
Experimental Section
The infrared spectra were obtained on Jasco FT-IR 410 spectrometer. All mmol), and PdCl2(PPh3)2 (140 mg, 2 mol %) were added in 40 mL of Et3N. After stirring the mixture for 5 min, CuI (20 mg, 1 mol %) was added. The resulting solution was heated for 3 h at 50 o C under nitrogen atmosphere. The reaction mixture was allowed to cool to room temperature, and the ammonium salt was removed by filtration. The solvent was removed under reduced pressure, and residue was purified by column chromatography. Trimethyl-thiophen-3-ylethynylsilane was obtained 90% yield as a yellow oil: C. The resulting mixture was stirred for 3 h at room temperature, and poured into 100 mL of 10% acetic acid. The reaction mixture was stirred for 1h at room temperature, and neutralized with aqueous sodium bicarbonate. Diethyl ether was added to the reaction mixture, and organic layer was separated form aqueous layer. The organic layer was dried over magnesium sulfate and filtered. 
